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FIG. 1. Illustration of the basic mechanism by which vertical scales  be S
are reduced in a flow containing a combination of horizontal strain tion
and vertical shear. The effect is shown of such a flow on a tracer
sheet, with tracer contours represented by the bold lines. The flow
could be that considered in section 2, in which case the view is along
the x-axis, which is the axis of extension for this flow The left-hand
panel shows the effect of 2 flow including horizonta] Strain alone.  Note
The horizontal thickness 7. of the tracer sheet is reduced In ime as  gots
e~ where I is the horizontal strain rate. The right-hand panel shows =X
the effect when a flow in the y direction with shear A in 7 is added I
The axis of the strain field is now tilted to the vertical at angle tan~!(A/ ma
'), as is the resulting tracer sheet. The horizontal thickness L and Spac
the vertical thickness D therefore both decrease as e~ and stay in  diffe
the aspect ratio A/T° Calculations in sections 3 and 4 show how this is a ¢
effect persists when the horizontal strain and vertica] shear fields are and r
time dependent, " »
=5 "Layers ” thin down to Mextuy [Smct before Filaments of 1
with time and diffusive decay becomes important when  effec
this term ~ k1. If  is sufficiently small, then the time of tra
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FIG. 1. High-resolution (20 cm) temperature profile, just above the tropopause. Boxes marked with letters (a . . .
g) contain examples of sheets. Two close-ups of sheets “b” and “¢” are displayed with the three profiles measured on
the main gondola. The relative disposition of the sensors and the line style used are shown in the upper-left comer
(distance @D = distance @@ = 1 m). Ongoing mixing is clearly present in the sheet “b.”
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We first tried to determine if the gradients observed
within these sheets constituted a distinct population in
the histogram of the vertical gradients. But we found
that nothing special distinguishes them from any other
gradient, and that they merely constitute the upper tail
of the gradient distribution that is monotonic (and
strongly decreasing) in this region. This conclusion
implies that the distinction between a sheet and another
gradient is somewhat arbitrary, as discussed further be-
low. The same conclusion was reached by Desaubies
and Gregg (1981) on the basis of oceanic high-reso-
lution temperature measurements. Their Fig. 4,
showing the (finite difference) temperature gradient
distributions for various vertical spacings, illustrates
quantitatively this point. However, the observed char-
acteristics of the sheets cannot be accounted for only
by the properties of the gradient distribution. For ex-
ample, their thinness is an independent (and impor-
tant) characteristic, as well as their spatial and temporal
distribution.

We will present below some characteristics of the
sheets that we could deduce from the dataset analyzed,
and we will discuss their potential impact on propa-
gation phenomena. We intentionally avoid any theo-
retical speculation about their nature or their genera-

end of wiontler.

tion mechanism, this question being a separate, and
perhaps controversial, subject. However, the interested
reader can find a good discussion of some possible
mechanisms (for the oceanic case) in Desaubies and
Gregg (1981).

a. Examples of stratospheric sheets

Before giving a more precise definition of what we
call a sheet, we will look at some examples in order to
get an intuitive idea of what they are. Figure 1 displays
a section of temperature profile with a high vertical
resolution (0.2 m), as observed with a balloonborne
gondola, just above the tropopause. On this profile,
some regions with strongly positive ( vertical) temper-
ature gradients are labeled with letters (“a” . . . “g”).
These regions are examples of what we call sheets; we
will explain below how they were selected. Figure 1
also contains two close-ups of gradients “b” and “e”
where the profiles observed by three temperature sen-
sors one meter apart (one pair horizontal and one pair
vertical, as indicated on the upper left corner of Fig.”
1) are shown. The comparison of the three profilés
gives important clues about the structure of the sheets.
Note that, owing to the wind differences between bal-
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FI1G. 2. The four temperature profiles measured during the four balloon ascents (succcssxve proﬁles are offset by steps of 20
K). The positions of the sheets are indicated by small ticks. The sheets tend to occur in groups in regions of overall strong static
stablllty The fourth profile (1 March), obtained during disturbed meteorological conditions, contains more sheets than the
previous ones. The small box in the lower-right corner displays the four wind profiles obtained from rawinsondes launched from
Bordeaux at 2400 UTC. The jet stream during the fourth night exceeded SSm s™'.

quires that the generation mechanism of the sheets be
understood.

If we restrict attention to regions where the temper-
ature increases wnh altitude (the gradient being cal-
culated as for N3y), the contribution of the sheets to
this increase is between 16% and 46% in the tropo-
sphere and between 22% and 50% in the lower strato-
sphere. By contrast, the contribution of the sheets to
the altitude increase (in the same regions where d7T/
dz > 0) is only between 2% and 14% in the troposphere
and between 3% and 17% in the lower stratosphere. In
other words, the sheets occupy a small fraction of the
profiles, but they contribute to a large fraction of the
temperature increase.

b. Thickness and amplitude distribution

Figure 3 represents, in log-log coordinates, the
thickness Az of the sheets (for the four flights) versus
their amplitude AT. Three different markers were used
to distinguish three atmospheric regions: the stable

boundary layer, the troposphere, and the stratosphere.
Four oblique lines indicate constant values of the av-
erage gradient, from top left to bottom right AT/Az
= 10, 30, 100, 300 K/km. Most stratospheric sheets
are steeper than 30 K/km and all tropospheric ones
are steeper than 10 K/km, these lower limits being
consequences of the selection process. This can be re-
garded more or less as a definition of the sheets. As
already noted in the Introduction, the distribution of
atmospheric temperature gradients is continuous, and
we look here only at its upper tail.

More informative is the fact that stratospheric sheets
can reach 300 K/km, while tropospheric ones reach
200 K/km. However, it should be noted that such ex-
treme values are reached only by the thinnest (less than
2 m) ones. Another characteristic that distinguishes
tropospheric and stratospheric sheets is their maximum
amplitude: in the stratosphere, it can exceed 2 K, while
in the troposphere it is smaller than 1 K and even 0.5
K for most of them. The sheets observed in the stable
boundary layer seem to behave exactly like strato-
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FIG. 5. Close-up of a group of submeter temperature (a)~(c) and humidity sheets (d)~(f), respectively, observed during leg S1. The
sheets, corresponding to a strong vertical temperature gradient, can be clearly detected between 417 m and 426 m AGL.

midity g ranges between 1.002 X 10-3 and 1.030 X
10~*, the zonal wind u between 6.5 m s~! and 7.3 m
s7!, and the meridional wind v between —0.1 m s~! and
0.3 m s~!'. At the altitudes of the temperature sheets,
there are also sudden changes in the specific humidity
(see Figs. 6a and 6b). At 418 m AGL, g decreases from

1.023 X 107 to 1.018 X 1072, at 421 m AGL, g de-
creases from 1.013 X 10-? to 1.005 X 10-3. Between
425 m and 426 m AGL, however, there is an increase
from 1.002 X 102 to 1.003 X 10-3.

One of the most beautiful examples of coexisting tem-
perature and humidity sheets that we found in our da-
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